Purpose of Review Obesity has grown at an alarming rate in children and adolescents. Concurrently, consumption on sugarsweetened beverages (SSBs) also rose significantly. This review provides an overview of obesity and type 2 diabetes mellitus (T2DM) related to SSBs and current policies restricting SSBs in schools, school-based interventions, and taxation on reducing SSB intake and obesity. We also discuss challenges of and future steps for these initiatives. Recent Findings Clinical and epidemiological studies suggest a strong association between SSB intake and obesity and T2DM. School food policies have been initiated at federal, state, and local levels. School-based interventions have shown positive effects on SSB intake and obesity reduction. Taxation on SSBs is promising in combating obesity and in generating revenue. Challenges towards compliance and implementation of the policies and programs exist. Summary The relationship between SSB and obesity and T2DM is a complex problem which requires comprehensive solutions. Continued efforts in restricting SSBs in schools are needed. Intervention programs should be tailored to age, gender, language, and culture and involve participation from families and local communities. Taxation can reduce SSB consumption by direct economic incentive, earmarking revenues to support healthy foods, and sending negative message. However, a higher tax rate may be necessary to have a measurable effect on weight.
Introduction
The prevalence of obesity tripled for children and adolescents in the USA in recent three decades [1] . Metabolic complications of obesity, such as type 2 diabetes mellitus (T2DM), are also emerging as serious health risks for children. One factor that may contribute rising obesity and T2DM is the steep rise in sugar-sweetened beverage (SSB) intake [2] . US children consume nearly twice as many calories from SSBsbeverages containing added caloric sweeteners, such as sodas, fruit drinks, spot drinks, and energy drinks [3] than they did 30 years ago, and now, SSBs is the single largest category of caloric intake in children [2] . With growing evidence linking SSBs to obesity and T2DM in children and adolescents, there is sufficient rationale to explore means of limiting SSB availability and accessibility, including school food policies, school-based intervention programs, and taxation to combat the epidemic. In this review, we outline health risks that are associated with SSB consumption, efforts to curb SSB consumption, obesity and T2DM, and the likely effectiveness of these efforts, especially among children and adolescents. We also discuss challenges of implementing the policies and programs and suggest future steps.
The Increased Obesity and SSB Consumption in Children and Adolescents
There is mounting evidence that the increase consumption of SSBs over time is related to the increased obesity levels among children and adolescent in the USA. During the past three decades, there has been a marked increase in the prevalence of obesity in US children and adolescents, with the prevalence rate tripled since 1980 [1] . Today, 19 .6% of children aged 6-11 years and 18.1% of adolescents aged 12-19 years are obese [1] . The increased consumption of SSBs is parallel to the rising obesity rates [3] . Indeed, children are now consuming nearly twice as many calories from SSBs than they did 30 years ago [2] . By 1999-2004, children aged 2-18 years obtained more than 10% of their energy from SSBs, which is 175 kcal/day. Boys aged 13-18 years consume the most SSBs of all age and gender groups (an average of 357 kcal per day) [4] and that those at most risk of obesity, including African-Americans, Mexican Americans, and lower education and income populations, have the highest intake of SSBs [5] . Consumption patterns of the youngest children-toddlers to preschoolers are of particular concerns. Almost half (44%) of toddlers 1.5 to 2 years old consume a SSB on any given day [6] . That proportion rises to 70% of 2-to 5-year-olds consuming a SSB on a typical day [4] .
Mechanisms Explaining the Relationship Between SSBs and Obesity and T2DM
Current evidence regarding SSBs' effects on obesity and its common complication, T2DM, has pointed at the long-term public health consequences, given that these conditions early in life are likely antecedents to adult diseases. Scientists have proposed potential mechanisms for links between SSBs and obesity and T2DM. SSBs contribute to weight gain due to their high added sugar content, low satiety, and potential incomplete compensation for total energy leading to increased energy intake [7, 8] . In addition, because of their high amounts of rapidly absorbable carbohydrates such as various forms of sugar and high-fructose corn syrup, the primary sweeteners used in SSBs, and high quantities consumed, SSBs may increase T2DM. SSB-related risk of T2DM is independent from obesity. SSBs contribute to high dietary glycemic load which leads to inflammation, insulin resistance, and impaired Betacell function [8, 9] .
Current Evidence of SSBs and Obesity and T2DM Among Children and Adolescents
Researchers have presented numerous epidemiological findings about the relationship between SSBs and obesity or T2DM in children and adolescents. Dubois et al. found that in over 2000 children age 2.5 years old followed for 3 years, regular consumers of SSBs between meals had a 2.4-fold greater odds of being overweight compared to nonconsumers (P < 0.05) [10] . A prospective study involving middle-school students over the course of two academic years showed that the risk of becoming obese increased by 60% for every additional serving of SSB per day [11] . In a recent metaanalysis [12] , a significant positive association between SSB intake and weight gain (0.08; 95% CI 0.03-0.13 kg) was reported. This result was supported by an earlier metaanalysis [13] and a systematic review [14] . Importantly, studies suggest that greater SSB consumption in childhood or adolescence predicted weight gain into adulthood [15, 16] . Obese children are more likely to become obese adults [17] , further increasing their risks for higher rates of T2DM, heart diseases, and some cancers later in life. A recent large cohort study found that a child with obesity faces a 4-fold greater risk of being diagnosed with T2DM by age 25 than a counterpart who is normal weight [18•] . Another well-powered meta-analysis also found that individuals in the highest quantile of SSB intake (most often 1-2 servings/day) had a 26% greater risk of developing T2DM than those in the lowest quantile (none or < 1 serving/month). This suggests the independent effect of SSB intake on T2DM in addition to weight gain [8] .
Efforts to Curb SSB Consumption-School Food Policies, School-Based Intervention Programs, and Taxation on SSBs
School Food Policies
The substantial increase in SSBs among children and adolescents and its strong relationship with obesity related diseases urge initiatives to limit and restrict the availability and accessibility of SSBs. Schools are an ideal venue to institute healthier beverages because they are responsible for administering at least one third of a child's food intake during the school day, and they can function as educational and role models for healthier food choices [19] . Policies assuring healthy food choices in schools have been an area of long-standing interest [20] . Competitive foods in school environment have placed negative impact on children's eating behaviors and weight outcomes [20] . Competitive foods are defined as foods and drinks sold from vending machines, school stores, and à la carte cafeteria lines other than meals from federally funded school meal programs in public schools [21] . The most common types of food offered in these venues are soft drinks, juices, juice drinks, chips, desserts, and candies, which are poor in nutrition but energy-dense [21] .
Because of the increase in penetration of these competitive foods, federal, many states, and local governments have increased efforts to place limits on access to competitive foods including SSBs in schools. As part of the Child Nutrition and WIC Reauthorization Act of 2004, Congress required that school districts participating in the National School Lunch Program (NSLP), a federally assisted meal program operating in public and non-profit private schools and residential child care institution that provide balanced, low-cost, or free lunches to school children [22] , develop wellness policies that addressed the nutritional quality of all foods available in schools, not just U.S. Drug and Administration (USDA) meals [23] . The Healthy, Hunger-Free Kids Act of 2010 gives the USDA authority to update standards for all foods and beverages served and sold in schools, including those sold in vending machines, school stores, and a à la carte items [23] . In February, 2013, the USDA released the proposed rules that would govern competitive foods [24] . The final rule should follow as a guide the standards for competitive foods set by the Institute of Medicine (IOM), which recommend limits on fat, sugar, calories, and serving sizes, as well as the most recent Dietary Guidelines for Americans [25] . In 2013, the Smart Snacks in School Standards were also established with the aim of decreasing competitive foods and beverages available at schools [26] . The standards apply to all competitive foods sold in students during the school day on all areas of the school campus, in all schools that participate in the NSLP and School Breakfast program (SBP) [26] .
Many states update nutrition guidelines for foods and beverages that are provided in schools. According to a report from Trust for America's Health, a non-profit, non-partisan organization conducting science-based public health research [27] , 19 states set nutritional standards for school lunches, breakfasts, and snacks that are stricter than existing USDA requirements in 2009. Twenty-seven states have nutritional standards for competitive foods sold à la carte, in vending machines, in school stores, or in school bake sales. Twenty-nine states limit when and where competitive foods menu be sold beyond federal requirements [27] .
At local level, school districts are seen as having the opportunity to institute more comprehensive policies than states. In 2003, elementary schools in Alaska and all schools in California implemented bans to soft drinks [20] . Several large school systems such as those in Philadelphia and Chicago have also placed restrictions on access to vending machines [28] . From the beginning of 2003, San Francisco Unified School District (SFUSD) developed district-wide nutrition policies that extend beyond the state Childhood Obesity Prevention Act, requiring elimination of foods not meeting the food minimal nutrition value, a federal nutrition standard that bans the sale of products such as artificially sweetened foods and foods that provide less than 5% of the recommended dietary intake of each of eight specified nutrients per serving [29] .
School-Based Intervention Programs
School-based intervention programs have been shown to yield positive results in preventing and reducing obesity [30] . School is an ideal setting for programs targeting health dietary behaviors since children spend a major part of their day in school [31] . Systematic reviews on the effectiveness of school-based nutrition and fitness programs showed that school-based interventions are effective in increasing healthy behaviors [32] [33] [34] , discouraging purchases and consumption of unhealthy foods [33, 34, 35 •] and reducing caloric intakes and BMI [33, 34] . Coordinated Approach to Child Health (CATCH) is a successful example of school health promotion program that focused on supporting positive environmental influences to increase physical activity and improve healthy eating [36] . A 3-year follow-up study showed that students receiving CATCH intervention maintained a diet considerably lower in total fat and saturated fat and participated in more vigorous physical activities [34] . These findings reinforce the expectation that participation in a program like CATCH could contribute to better cardiovascular health as students mature [34] . Another innovative school program to improve cardiovascular health and lower the prevalence of obesity among students is Planet Health [36] . This 21-month interdisciplinary curriculum stressed the importance of decreasing television viewing, which contributes to obesity through both the sedentary act of television watching and exposure of viewers to relentless broadcast encouragement to consume high-calorie, high-fat, nutrient-poor foods [37] . The intervention showed a significant decrease in prevalence of obesity, an increase in fruit and vegetable consumption and less of an increased in daily calories consumed among girls participating in Planet Health [33] . Additional analyses also found that girls in this program were less likely to report weight control behavior disorders [38] or early menarche [39] . With respects to SSBs specially, evidence-based school wellness interventions have contributed to a decreased SSB intake among students in elementary, middle, and high schools [31] . Successful intervention programs often include a combination of educational, environmental and parental involvement strategies [40] [41] [42] [43] [44] [45] [46] . Some also stressed the importance of peer influence and peer or family support in behavioral change and weight management [41, 43, 45] . Innovative technologies, such as web-based lessons, were also used in intervention [44] . Components of these programs highlighted the sugar content of SSBs, addressed portion sizes and healthier alternatives to SSBs, and educated on reading nutrition labels and planning meals [40] [41] [42] [43] [44] [45] [46] . Table 1 provides a summary of school-based interventions that have significant impact on reducing SSBs in recent 10 years. We listed program name, location, year of publication, participants, sample size, program key features, behavioral theory used, and critical intervention components.
Taxation
Given the success in other public health areas such as tobacco, implementing a SSB tax to regulate conduct and improve health is now being seriously considered [47] . The economic downturn also makes taxation an attractive source of revenue • Three practical nutrition workshops were delivered in the school food labs, which aimed to reinforce the dietary-specific key health messages promoted in the handbook, and focused on providing dietary information and strategies designed to develop skills that facilitate the maintenance of a healthy weight.
• and sugar intake, drinking water, and replacing processed foods with more healthful options.
• Activities included writing and drawing contests, games, movies, theater sketches, and puppet shows.
• Reinforcing strategies included sending informational booklets and recipes to families and inviting parents and teachers to participate in reinforcing lessons.
• Mean frequency of reduction in soda intake was − 0.2 vs.
− 0.08, P = 0.02, for intervention and control group, respectively.
• No reduction in BMI or body fat in both groups. and to increase physical activity.
• Eight Internet-based modules (15 min each) focused on improving dietary behaviors and increasing physical activity.
• Each module consisted of information about the behavior-health link, an assessment of behavior and determinants, individually tailored feedback on behavior and determinants, and an option to formulate an implementation intention to prompt • At 4-month follow-up, compared to control group, intervention group had lower odds (0.54) of drinking more than 400 mL of SSBs per day and with lower snack intake (β = − 0.81 snacks/day) and higher vegetable intake (β = 13.9 g/day). These results did not persist at 2-year follow-up.
• No effects on BMI or waist circumference. sessions for a whole school term, followed by monthly follow-up phone calls for 3 months.
• Group activities included education on healthy eating behaviors, goal setting, positive reinforcement, techniques to promote children's healthy behaviors, label reading, portion size, and meal planning.
• Follow-up phone calls monitored progress and identified barriers to goals.
All groups improved their dietary intake, with no differences detected between groups. Intake for SSBs • Class components included nutrition education, relationship between diet and health, nutritional content of beverages, importance of beverage choices, calcium, tips to reduce sugar from diet, development of skills for consuming healthier foods, label reading, and examination of marketing techniques.
Students in peer educator classes decreased SSB intake (total SSB from pre-test to post-test decreased 6 servings/week), which was sustained for 3 months.
Educational program aimed at discouraging student from drinking SSBs. Sicheri et al., 2008, Brazil [46] Randomized controlled trial 7 months 9-12 years students (n = 1140) Educational intervention in school featuring interactive exercises N/A • The intervention included ten 1-h education sessions.
• Key message was to encouraging water consumption instead of SSBs.
• Activities included games, quizzes, and drawing and song competitions. Banners promoting water were hung in classrooms.
• Compared to control group, intervention group had a significant decrease in the daily consumption of carbonated drinks (mean difference = − 56 ml; 95% CI − 119, − 7 ml).
• BMI reduction was significant among those overweight at baseline N/A not available [48] . The IOM states that the introduction of a tax to discourage the consumption of food products that are low in nutritional value like soft and energy drinks is a very promoting strategy for governments [49] . High profile taxes on SSBs have been introduced at the federal and state levels [50] . At the federal level, the SWEET Act was proposed in 2014 to place an excise tax on SSBs in proportion to the amount of sugar that they contain and designates that funds from that tax go "to the prevention, treatment, and research of diet-related health conditions" [51] . It is thought that the passing of this bill would serve as an alert to the consumer that is built into the price tag, instead of printed on the side of the cigarette package [48] .
One way many states have tried to impact the obesity epidemic is by taxing junk foods [52] . In 2007, 34 states taxed soda sold in grocery stores and 39 states taxed soda sold through vending machines at mean rates of 3.4 and 4.0%, respectively [53] . In December 2008, former Gov. David Paterson of New York proposed an 18% "obesity tax" on SSBs. Although the proposal failed in legislation, it received national media attention [54•] . Also in 2008, Maine enacted legislation that would have taxed soft drinks at a rate of 0.42 per gallon of bottled or powered-based soft drinks and $4 per gallon of soft drink syrup [20] . In November 2016, Cook County, IL, which includes Chicago, was the largest jurisdiction in the USA to enact tax SSBs [55] . The tax imposed was at the rate of $0.01 per ounce on the retail sale of all SSBs in the County. However, both Maine and Cook County's proposals encountered political opposition. Maine's beverage tax was repealed in November 2008, and Cook County in October 2017 [20, 55] .
Many believe the combination of taxing SSBs, while subsidizing healthy beverages has the potential to reduce obesity in children and adolescents [20, 56, 57] . Even though the current evidence of the relationship between SSB tax and weight outcomes is not strong due to the very low tax rates, findings in the literature suggest potential behavioral and health benefits of implementing such tax [57] . Systematic reviews have found that food taxes strongly influence consumption and indicated that imposing substantial taxes on energy dense foods is promising to improve health outcomes [58] . Additionally, economic modeling has been used to predict potential impact of taxes on SSB consumption [57] . Studies found that a 10% increase in price would lead to a decreased consumption to 7 to 17% among less frequent consumers and the highest consumers, respectively [59] .
Beyond health benefits, taxation of SSB would also generate significant revenue, which is hoped to have impact on government actions and could be targeted towards obesity prevention and health promotion activities [56] . Further, taxation of SSB would also signify recognition by government of the serious health risks that associated with SSB consumption.
A strong message acknowledging health risk of SSB can be sent by taxation [57] .
Challenges
Although efforts to restrict children from accessing SSBs have received support from some politicians and health advocates, challenges towards compliance and implementation of the policies and programs exist [19, 60] . For example, despite the Congress' requirement that school districts participating in the NSLP develop wellness policies to address nutritional quality of foods in schools, the content of the policies was left to local discretion-schools could restrict less nutritious competitive foods or not. Similarly, there were no requirements to assess compliance with any policies established [60] . Additionally, the restrictions are usually not easy to be implemented in high schools because of logistic difficulties, including many students obtaining meals off campus [19] . In addition, concern about losing revenues generated by the sale of these items, particularly in support of high school sports and other programs, led to lobbying and other negative influences, such as protests and letter writing, by school districts and the food industry [19] .
Some also critique that the benefits of the school food policies can be limited by the type and amount of drinks that substitute SSBs [52] . If a child offsets her sodas by consuming other high calories beverages such as sports drinks, she may not receive benefits from the SSB restriction policies. Many beverages such as fruit juice and reduced fat milk, even though presumably more nutritious, would have a similar number of calories per serving as SSBs [56] . Furthermore, there is a concern that restrictions of SSBs in school during the school day could redirect the place and time of SSB purchase, therefore diminishing the benefits of reducing consumption and weight [61] . Finally, SSB's contribution to children's and adolescent's total calories in food items acquired at school is smaller than at home [4] . Because of these countervailing factors, current evidence of the impact of the school policies such as implementing vending machine ban to reduce SSB consumption seems weak [62, 63] . Full evidence, however, should not be a barrier for action. Any action with respect to policies to address obesity will require monitoring and evaluation of intended and unintended consequences [57] . Because of the complexity of the food environment, more innovative and rigorous research is needed to assess the policies' impact in the long run.
Limitations for current school-based interventions exist too. Many programs apply same intervention strategies to both girls and boys [64] . However, research suggests that girls and boys may not respond comparably to a given intervention. Girls may respond better to educational components grounded based upon social learning, while boys may be more influenced by structural and environmental components facilitating improved diet intake [64] . Furthermore, many programs targeted younger youth aged 7-10 years old. Older youth should also be desirable for future programs since studies found positive outcomes in older groups [65] . These positive outcomes are possibly due to older children's increased control over food choices and leisure activities, greater concerns about weight and appearance, and peer-group mediated changes in behavior [64] . Additionally, many studies stressed the importance of cultural considerations to the success of programs [66, 67] . Factors such as language, lifestyle, and beliefs are potential barriers for minority populations who are at higher risk of obesity [68] . Apart from gender, age, and cultural factors, duration of intervention, quality of education or diet programs, the adherence rate of schoolchildren to those interventions, and involvement of school teachers, staffs, and families [69, 70] can determine the success of a program and should be considered in design and implementation of an intervention program. Further, at present, there is insufficient evidence to provide strong guidance as to the costeffectiveness of the school-based intervention programs due to limited number of published studies as well as methodological concerns that limit the validity of and comparability between those identified [64] .
Taxation on SSBs also faces strong challenges. First of all, there is the opposition from the beverage industry. Fear for sale declines, the beverage industry has created Americans against Food Taxes, just like the tobacco industry fought policy changes by creating front groups with names that suggested community involvements [56] . Opponents also argue that the direct effect of taxation on weight outcomes is less conclusive; therefore, the benefit of SSB taxation is questionable [57] . The lack of strong evidence of SSB taxation and weight is due to past studies considered relatively small variations in tax rates that applied to a limited set of SSBs (i.e., mainly sodas). Powell and Chaloupk [71] suggested that substantial tax increases will be necessary to have potent effects. In fact, Andreyev et al. [59] estimated that a tax increase at 20% of current prices would reduce consumption by between 16 and 20%, which would translate into a reduction of 36-45 kcal in youth, assuming that they have average intake of 225 kcal [4] . Moreover, previous studies have found that youth who are overweight and from low-SES background are particularly sensitive to food prices, suggesting that high SSB taxes may generate greater impact on these high-risk groups [72] . Therefore, to expect a significant impact of SSB taxation on weight outcome, a tax with higher rates that apply to a broader range of SSBs should be considered.
Future Steps
School districts and states should be encouraged to strengthen efforts to update their own nutritional guidelines for competitive products and continue restricting unhealthy items including SSBs within and outside schools. Adding healthier competitive foods and beverages would not lead to loss in revenues [73] . In fact, as reported in previous studies, it increases participation in the NSLP and attract new revenue [19, 74] . Also, offering healthier foods in competitive food venues could help to reinforce practices encouraged by school-based nutrition education [75] .
With regard to school-based interventions, programs are recommended to be tailored according to age, gender, language, and culture [76] . Well-designed evaluation tools that include both short-and long-term assessments, valid analysis of behavioral and weight outcomes, and a discussion of costeffectiveness analysis should all be taken into account. Intervention component that involve participation from teachers, parents, and a broader local community should also be given increased attention [32] .
The broader benefits of taxation on SSBs must be recognized despite the insufficient evidence demonstrating its direct link with obesity reduction. SSB taxes may be particularly useful in reducing obesity if they are used as one aspect of a larger, more comprehensive policy approach that aims to redirect consumers away from caloric sweeteners and towards more healthful alternatives such as water or food without added sweeteners [77] . Researchers suggest dedicating at least half of the revenue generated from a SSB tax to programs that support health promotion initiatives and further transform the food environment to a milieu that promotes health food and beverage choices [57] . This could include promoting sale and consumption of healthier products, such as through subsidizing fruit and vegetables or investing in health school universal meal or snack programs [57] .
Conclusions
SSBs and its relationship with obesity and T2DM is a complex problem, which requires comprehensive solutions that address different levels of the environment [35] . Besides initiatives discussed above, other prominent strategies in reducing SSB intake and obesity and T2DM include family-based ones, such as parents/children education [35] ; communitybased ones, such as zoning to restrict fast food outlets that provide a large volume of SSBs [78] ; food industry-based ones, such as calorie labeling and value sizing [79] ; and broad, societal ones, such as regulating SSB advertising and marketing [80] . A collective effort and timely action is necessary to combat the obesity epidemic. If we do nothing to address the issue, one in three children today will develop T2DM in their lifetime; for children of color, the risk is one in two [54] . By reducing SSB intake and crafting a healthier food environment, we can help children to achieve and maintain healthy weight.
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